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ICP-MS ENMERBRAHF THEERETLE

# &L e HREL Fzm Y
1. MG K250, WA WME 264000
2. GEHHIZERBER AT, LR HE 264000

W OE: BW @vESEBasch 7 MESERININE. ik SRR /KBEANREETRE, 7 pH 1.2 $hER%& 1+
TAERES 6 h, B AR TRIEN (ICP-MS) M H M 7 FESE 0% Pb. Cd. Hg. Cov V. Niv As,
FH B E 3 #eEdlsFl. 3 SRR K& 3 B A R RZGH Pb. Cdy Hg. Co. V. Ni. As RRESH, R
2ok, R FEWAHF Pb. Cd. Hg. Cov V. Niv As 7 MESEJELE S MALE 0~30. 0~1. 0~6. 0~10. 0~20. 0~
40, 0~4ng/mL £EMER R R, K% RSD 45108 4.91%. 5.39%. 10.00%- 4.78%- 5.93%. 4.67%. 6.91%; #a &M RSD
S 5.64%- 5.12%- 10.94%- 3.68%- 4.97%- 4.31%. 7.06%; EE 1 RSD 754 4.22%- 4.53%- 11.22%- 4.45%. 6.23%-
4.36%- 5.64%; HFHIETZRS 514 102.0%. 100.8%- 100.5%. 100.8%- 101.8%. 103.7%. 107.6%, RSD {E />N 2.06%-
2.02%+ 2.23%- 1.37%-+ 2.34%. 1.60%- 7.38%; AR 0.002~0.084 ng/mL, E&EIR N 0.006~0.252 ng/mL. 3 It & il
A 3 OB K 3 HESE AT R 24 7 Fh B 4 S o0 3P B 43 00 Il Pb 3,225, 2.877. 3.265 ng/g; Cd 0.062. 0.071+
0.070 ng/g; Hg HIRHM 1 Co0.192. 0.093. 0.213 ng/g; V 0.329. 0.578. 0.584 ng/g; Ni0.363. 0.124. 0.296 ng/g; As 0.247.
0312, 0.273 ng/g. HH, Pb. As fF & CBRINZHL) WA BIARAERR B, HR 5 Mt R M ERF4 ICH Q3D i PDE {8 (&
KHBAREN 10 g 025 R PEANTCR RV R REEEIRED, IR HHIFTH 7 FESE TR RETREAZENA. 8418 It
Tk AR, AT T EBAECD 7 M ESEICRNEERE, NEABUREE IR —FE SN AR TB
KEEF: ICP-MS; ZEWAH; EL&JEILER; FEEH; Pb; Cd; Hg; Cos V; Nis As
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Determination of seven heavy metals in Montmorillonite Powder by ICP-MS

HUANG Rui!, SUN Qi-quan®, FU Feng-hua', XUE Yun-li®
1. College of Pharmacy, Yantai University, Yantai 264000, China
2. Luye Pharmaceutical Group Co., Ltd., Yantai 264000, China

Abstract: Objective A method was established to determine the content of seven heavy metals in Montmorillonite Powder (MP).
Methods The metabolic process of the body was simulated by oscillating water bath, the sample was treated under the condition of pH
1.2 hydrochloric acid for 6 h, the seven heavy metals Pb, Cd, Hg, Co, V, Ni, and As in MP were determined by ICP-MS, and the content
of Pb, Cd, Hg, Co, V, Ni, As in three batches of homemade preparations, three batches of original development agent and three batches
of raw materials were determined by this method to evaluate their safety. Results The content of seven heavy metals Pb, Cd, Hg, Co,
V, Ni, and As in MP had good linear relationship in the ranges of 0—30, 0—1, 0—6, 0—10, 0—20, 0—40, and 0—4 ng/mL,
respectively; The RSD of precision results were 4.91%, 5.39%, 10.00%, 4.78%, 5.93%, 4.67%, and 6.91%, respectively; The RSD of
stability results were 5.64%, 5.12%, 10.94%, 3.68%, 4.97%, 4.31%, and 7.06%, respectively; The RSD of repetitive results were
4.22%, 4.53%, 11.22%, 4.45%, 6.23%, 4.36%, and 5.64%, respectively; The average recoveries were 102.0%, 100.8%, 100.5%,
100.8%, 101.8%, 103.7%, and 107.6%, and the RSD were 2.06%, 2.02%, 2.23%, 1.37%, 2.34%, 1.6% and 7.38%, respectively; The
detection limits were 0.002—0.084 ng/mL, and the quantitative limits were 0.006—0.252 ng/mL. The average content of seven kinds
of heavy metal elements in three batches of homemade preparations, three batches of original development agent and three batches of
raw materials were 3.225, 2.877, 3.265; 0.062, 0.071, 0.070 ng/g; not detected, not detected, not detected; 0.192, 0.093, 0.213 ng/g;
0.329, 0.578, 0.584 ng/g; 0.363, 0.124, 0.296 ng/g; 0.247, 0.312, 0.273 ng/g. The content of Pb and As were in accordance with the

standard limit of montmorillonite in the European Pharmacopoeia, and the content of the remaining five elements were in accordance
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with the PDE (maximum number was allowed for each element in a drug with a maximum daily dose of 10 g) value in ICH Q3D, and

it was concluded that seven kinds of heavy metal elements in the preparation were derived from the raw drug montmorillonite.

Conclusion This method is accurate and reliable, which can be applied to the quantitative examination of seven heavy metals in MP,

and provides an effective technical means for the quality control of MP.

Key words: ICP-MS; Montmorillonite Powder; heavy metal elements; quality control; Pb; Cd; Hg; Co; V; Ni; As
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Xt ORI A AR IE S R, i, HAEENL
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IR 2 1O, MEERCATCT 7 PR E SR
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WO EAE, WA ER Pb AL RGN R
e, R N, iBfZ SRR &4 R AR, As
AR EUE. B0 RECEERISE, mH (F
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FOUMTEN, WAEENE. BiTEREA6GE
KA A B E) Py As TR ERAIZD], H
WA TSI E SR A, Ea YU, . dE
BN AR A 70 S A b 7 M B B R TR IR
Sy AT T AR R SR U,

HufllE 7 MESECEPITERRZ, W5
FRICATFAREIEIS, JE IR o S e kU617,
FL R & 2 B8 AR R SRR IS IV i F R
LB TR RE (ICP-MS) ¥t — R IR EILR
MR BTG 3 1 G S A g v 2022, B R
T REEE . IR, LG BERESE
Hes, T Ho] E RSN E 2 Fpoc R B2, BEAR
TG T 1% ASEG R FH R /KA AULAA P AR
WS AR, 7F pH 1.2 ZhIRZFAF T LB N 6 h, T
ICP-MS A2 WA #F Pb. Cd. Hg. Cov V.
Ni. As 7 FHESJE TR MR ESE, FENHT 3 it

SRR 3 BRI 3 S WA R 2 R
BT AT b, A A B b 1 52 A R R
AR FARIE R, NIRIRH 2 22t 5% .
1 XFEE5RH

ICAPQ HLBALA S5 B TR i A, ZEER K AHIR
RHE MR AT, ZHSY-50F #BZ/KisikE e, LiF
AL AR A IR A ] ; CPA224S ML T M KF, Jbit
FEZH G RPFARA A

SR A 177, 65 20180402 20180403
20180404, WARZEMHIZIA R Aw] s S A ER AT
HI5F, fibS L17302. L17983. L17989, 2| 45
mE R GAERAR: ERGENA, #T
1801001, 1801002, 1801003, Wil =14 MRA = .

Pb(1.000 mg/mL, #it5 PPB2216C1). Hg(1.000
mg/mL, #t5 PHG2616C1). As (1.000 mg/mL, it
5 PAS2216C1).Cd(100 pg/mL, #it5 PCD1217E1).
Co (1.000 mg/mL, #t'5 PCO2216F1). V (1.000
mg/mL, fit5 PV21916F1). Ni (1.000 mg/mL, it
5 PNI2216J1) FrfEVE 5K H Reagecon AF], Ge
(1.000 mg/mL, 5 182005). In (1.000 mg/mL,
ft5 173036-1) ArdEEHCk B E XA AL R &1
PRV sty Bi (100 pg/mL, 65 16032)
FRUEE R B E A EREP L Au (1.000
mg/mL, L5 K2-AU04064) bR ISR H Inorganic
Ventures A H]. #HR, 77Hr4l, Merck A7, 5
203646185505 fHER, 4r-iral, JriMahFfl 22t
FRAR, 5 171220066,
2 FHESH#R
2.1 ICP-MS E &4

ICP-MS FEHTAEZH.: BRHASKRIRE 14
L/min, ZASAARIRE 1.03 L/min, 5HBISARIR
0.8 L/min, KFEE 5 mm, IGEIHEEE 40.0
r/min. FERIFHARYE Thermo & FHHIER A, B
AL EAER S, G e RE R G
22 BREE
2.2.1 RIS B 20 mL ASEE. S mL #Hhig,
& 1000 mL K&, ZBIMAZEFKT, fFHin
A 2 mL Au BICEARHEA T (1.000 mg/mL), H %
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BT/KEARZE 1000mL, #25), .

222 MBS IRAE] & MR EI Cd bR
7 (100 pg/mL) 1.25 mL. Pb {4 (1.000 mg/mL)
3.75 mL. As br#EEW (1.000 mg/mL) 0.5 mL. Co
FRUEVEC1.000 mg/mL)1.25 mL.V bRAEFE K (1.000
mg/mL) 2.5 mL. Ni Fr#EH# (1.000 mg/mL) 5 mL-
Hg HaER W (1.000 mg/mL) 0.75 mL & [F—4 25
mL S, HMBEAMEZZIE, 5, A
HE i 25T

2.2.3 e 2R A O B g A 1
mL, B 50 mL 2+, HAWBERHRERZE, #
5y, HIfE.

224 HHASRERIIHIS  BEEBA L S g, WEE
FRE, H 100 mL B ZE =i, MM pH 1.2 &
BRI 50 mL, #&5), JMEEERERLCH, Kk
W% 37.5 °C, 5% 150 r/min, R¥E 6h, BEE/D
3 min, FHRIGTE, B EIER, FH 0.45 um JEAEIE
i, EXSEW 1 mL, B 100 mL &, AR
MRERZE, 85, FEN R

225 FEEREEIE  AIES, FHKA A
EIES
22,6 WHREBRIIHI % 725 H Ge br il

(1.000 mg/mL) 5 mL. In ###E (1.000 mg/mL)
100 pL. Bi Fr#EER (100 pg/mL) 1 mL & 100 mL
B, MAT Au 570 R bR AR R RRR S R
BEZIE, 5. B EAREE 1 mL & 100 mL &
M, IIANTE Au BTG Z AR AR I B AT AR e 2
ZIfE, $E5), HMSRE APRER (Ge 500 ng/mL.
In 10 ng/mL. Bi 10 ng/mL).
23 ZMEARER

Hi s = UbR AE it 22 it 8% 0.2 0.4 0.6+ 0.8,
1.0 mL, 4;7I# 100 mL £+, HAMBERWER
ZIRE, TRA) . H B FBS NARTE IR PO A A
ar, MRUE , DA BRI FEINAR 1 3 A
SEIME (eps) AMAENR, LAEARAETE IR I 2R
(ng/mL) {ENMALFRSE, 15 HArAETZR, THEH
FUHTRES r 03K 1 B, 7 PP E &8 e REILRE
TG I 7>0.996, LM R R IF.
24 HNPRMEER

MR PG FR LR RS, LR 2 (AW 11 IR,
FREFIE N2 AW . PR (LOD) =3.3X s,
FEEIR (LOQ) =10Xals, o N 11 R4 FVERBOE
FErIbr Az, s AnEMZR IR R, R 2,

*1 THEEETRENIRERLZ

Table 1 Calibration curves of seven heavy metal elements

% ] ) 77 7 AR

(ng'mL ")
Cd Y=7705.426 8 X+11.4989 09980 0~ 1
Pb Y=102595.731 8 X+3897.2542 0.997 5 0~30
As Y=1691.841 1 X+138.000 4 0.996 5 0~ 4
Co Y=26767.8370X+77.7456 09977 0~10
V  Y=10805.366 3 X+4775.5710 0.9977 0~20
Ni Y=6606.040 3 X+544.472 5 09974 0~40
Hg Y=14706.138 2 X+48.3418 09979 0~ 6

F2 KMNREEBRER

Table 2 Determination of detection limit and quantitative

limit
TR LOD/(ng'mL™") LOQ/(ng'mL™1)
Cd 0.002 0.006
Pb 0.055 0.166
As 0.083 0.252
Co 0.003 0.015
\Y 0.041 0.125
Ni 0.044 0.134
Hg 0.005 0.015

2.5 BEERE

FsZFREUHR A (LS 20180402) 5 g, 73 ik
MK I B A 500 pl, %08 “2.2.4”7 WiAbHE
RISV, B — AR LR 6
W WHRZEHTRE, W& Pby Cdv Hg. Co. V.
Ni. As [P35 =50 200 R 12.622.0.474.2.518.
3.084. 5.258. 11.744. 1.180 pg/g, H: RSD 45N
4.91%. 5.39%-. 10.00%-. 4.78%- 5.93%. 4.67%-
6.91%. ZERKY, 7 M ESEFTAEEEINE
RSD=<20.0%[1#LE R, Jridk % i R i
2.6 EEMIKAE

M “2.57 T AR Vs 7%,
B AR AW 6 1, ARJERIKEHYS “2.2.6”
TR () N AR TR RIS J NAXZRPL, P2 6 4 b it
WA & T R R ORI E RSD, 45 R
Pb. Cd. Hg. Co. V. Ni. As ] RSD 43l & 4.22%-
4.53%. 11.22%. 4.45%. 6.23%. 4.36%. 5.64%,
FICR AR M EF VRS RSD<20.0%FHL 7,
Ut B B M R A
2.7 RREMRE

TEER N E AR AR e, BE— it
K (k5 20180402) ¥ 73 AIAEASFIRS E] (0. 2.
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4. 6. 8. 12, 24, 48h) #EfT4rHF, Pb. Cd. Hg.
Co~V.Ni.As 1] RSD 73714 5.64%-+5.12%-+10.94%-
3.68%- 4.97%- 4.31%. 7.06%, FICE;FHIFEE
PEBIFF & RSD<<20.0%1IHLE 7, 2R 8H i A ot
Pb. Cd. Hg. Co. V. Ni. As JUERTE 48 h NFaE
PRI
2.8  INFEEUEERIAIE
FE BRI 9 1325 FIRE (CIC/KFI4T9E 37.5 g,
B 0.2 g, FEREEN 0.35 g, JRAT, BIFE) % 0.95 g,
3 B R IO R i 25 (Pb. Cd. Hg.
Co~ V. Ni. As) 250, 500, 750 uL, #RJ51% “2.2.4”
TR 7 i 24 A, M43 Pb. Cd. Hg. Con
V. Ni. As P3R5 58 102.0% 100.8%-
100.5%- 100.8%. 101.8%. 103.7%. 107.6%, RSD
58 2.06% 2.02%. 2.23% 1.37%- 2.34%-
1.60%. 7.38%, W7 a2 oA
FRET,
29 HmllE

03 b A7 (5 20180402, 20180403,
20180404). 3 #tJEwHFF] (5 L17302. L17983.
L17989) A1 3 #it H Hil il F 0 S WA R (S
1801001, 1801002, 1801003, 4rHilf% “2.2.4” I
TR ARSI, M TR 7 M E SR T
RE, RIUETVERAIAT ML G2 e, 45
R 3. it 3 4t B HIRA 3 4tk 3 )
RIS A RMESE AL, BT He BREH,
L a1 1) 7)) 4 S e B A B LR 2 SR
AR T, 3 A E SRR 3 R R R E 4
JBICERR R HE — R, WEHHIFH V. As,
Cd RYMET BRI, Co. Niv Pb s T A7),
7 Rl 4@ e b E X B R HI Y Pb. As 2 Fh

£3 HIFIMERNEHNELER

Table 3 Determination of formulations and APIs

JRE S B (ng'g™")

#
T

it
Co Ni As Cd Pb
20180402 0.324 0.187 0.361 0.243 0.059 3.085
20180403 0.337 0.195 0.360 0.251 0.063 3.296
20180404 0.325 0.195 0.367 0.242 0.065 3.293
L17989 0.577 0.093 0.170 0.351 0.075 2.993
L17983 0.551 0.087 0.096 0.249 0.064 2.669
L19302 0.606 0.098 0.105 0.335 0.073 2.968
1801001  0.500 0.175 0.323 0.256 0.051 3.126

1801002  0.721 0.212
1801003  0.532 0.253

0.220 0.263 0.081 3.343
0.346 0300 0.077 3.327

AFEESFECRNEIBK (SR (P EZ ) 2015
FEREILE ZE A Pd. As FRIE, Pd MBI 10 ng/g.
As AEHIL 2 ng/g) B, HA s MESE CRBY
%4 ICH Q3D 457 PDE 15128 (Cd A3i##3d 0.5
ng/g. Hg AE#L 3 ng/g. Co A5 5 ng/g. V
AR 10 ng/g. Ni AFEE 20 ng/g), UL H
il 1) 70 AT LR AR AN A SR
3 itig
3.1 B RANE L EEEE

LIS ST pH 1.2 4.5, 6.8 3 MAEHIA
JREP, & BLAER A AE pH 1.2 FOVE HA R Thoxt 7 b 4
i &R TR A BT RE, Rl Pb. As 2
FhE&BICER: T HR RN B, f— ek
& b WAk ) A R A L, R IE SR pH
1.2 IOV A I o F T AR i 32 B R o) A — Pl R AR
A, RRENMBEAEIR, 6 h JG R R4HEE . 8
SRR ARSL, PRIE BRI R 6 he
32 PAEER

7EH ICP-MS VA 3E Hg TG, Hg TLRA Y
FEAEACAZ B BN, 5 T N s R e 120, TR
W AE AR o VA VBRI bR VB VTR R R R P N D i
Au JGE, A0 Heg MR PANCAZ RN, $Em He
TCER I GE B HERATE . WIE Pb. Cd. Hg. Co
V. Ni. As JCER, [ Ge. In. Bi JLZE NHFF,
T o3k A 2850 R 7 2 ) A ek 4 BT,

AR, SRR S B R S
HERAK, N THERIE, At S Pby Cd.
Hg. Co. V. Ni. As ArdEPIE I 55400 . 7552
(ISR, T 5 A R 32 B R A SR A AR
Bk, 7F S50 Ik R v 2 IR B ID N AR HE SR T R
SSHERA, MWL R, KRR R
I Pb. Cd. Hg. Co. V. Ni. As briEYFR G,
D5 &5 ey, kR .
33 Mmah

WL 3 I 3 HEERRRI A 3 s
i A JEURE 24 f 0 2 S5 B, ) )R A )
SAER 2R E SRR S BERIL, A
MRBFHIFIE 7 MESE RS EG 2R, S
DISHH 22 5 EZORIE T R G5 M, NS
ATECR AR A S . B A R R KR
H2A, mHZEMABRAWRME, &5 0%
JPR EEYT ;59 A AR BRSSOk A I 45 R
PAFE R ER 2 R ES RS AR, H
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JEARCHTT, LAVPAl 1737 b 1 o i e 4tk o
JE IS (R A 1 8 VA S SR AL, R
ST E S A B Pb. Cd. Hg. Co. V. Ni.
As JLE I ICP-MS Wl 2 77, REGE &, EEML,
MEMREE L, KRS, EEEARBTR 7 FhES
JBICER I E, o 50 PR b 42 1) 52 i A AU B
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